is an extra internal degree of freedom whose meaning is dependent upon the particular impurity of interest; it will either represent a local orbital degree of freedom or the magnetic index of the conduction states in cases of physical interest. The conduction states couple to the impurity spin S I via antiferromagnetic exchange J < 0. Note that the spin in each channel couples equivalently to the impurity. Based upon perturbation theory in 1/N ch , Noziéres and Blandin argued that so long as N ch /2 > S I this overcompensated state will be obtained, and one will also have a non-Fermi liquid excitation spectrum. Non-perturbative calculations have confirmed this argument in detail [2, 3, 4, 5, 6, 7, 8, 9, 10] .
It has been proposed that this unusual state is realized in exotic Kondo models. Specifically electron assisted atomic tunneling in a double well [11, 12] and the quadrupolar Kondo effect [13] map onto the overcompensated N ch = 2, S I = 1/2 version of Eq. (1) . In this case the non-Fermi liquid excitation spectrum generates a T ln(T K /T ) behavior in the specific heat C(T ) and leads to a residual entropy per impurity of ∆S(T = 0) = (1/2)k B ln (2) .
The discovery of the heavy fermion alloy Y 1−x U x Pd 3 which displays a T ln(T ) specific heat over one and a half decades of temperature and possesses clear evidence for a residual entropy of (k B /2) ln(2) per uranium ion provides compelling evidence for the reality of the quadrupolar Kondo effect [14] .
It is prudent to ask whether the two-channel Kondo model may have broader applicability to the heavy fermion materials. The purpose of this article is to answer this question in the affirmative. I will state five selection rules which contain the minimal conditions requisite to have the low energy scale physics for a single ion described by a two-channel Kondo model. 
where V [Γ c α c ; α grd ; α ex ] includes the single particle matrix element, a reduced matrix element expressing the attachment probability for adding an f electron to get this f 2 state from this f 1 state, and a Clebsch-Gordan coefficient in the crystal field representation basis. Again, the restriction to f 1 for the excited configuration is purely a matter of convenience for the exposition purposes here. For the Ce 3+ ions, we interchange ground and excited levels and (with E(f 0 ) set at zero in this case) add the hybridization term
In addition to discussing the symmetry properties of the states themselves, it is important to discuss the symmetry properties of the ground configuration tensor operators which live in the product space transforming according to Γ ket grd ⊗ Γ bra grd . The superscripts are a reminder that the tensors are formed from outer products of the states. The form of the low energy scale interactions which will correspond to the two-channel coupling of Eq.
(1) are entirely specified by the symmetry properties of these tensors. The interactions arise when we integrate out the virtual charge fluctuations to the excited configuration to derive an effective interaction between the conduction electrons and the ground configuration degrees of freedom of magnitude ∼ V 2 /∆E, where ∆E is the interconfiguration energy difference [15] . [Note:
all notation for point group representations used in this paper follow those of Koster et al. [16] .]
We now state the selection rules which will minimally ensure that the effective Hamiltonian at low energy scales derived from an underlying Anderson Hamiltonian has the two-channel S = 1/2 Kondo form: . If the off-diagonal impurity operators were contained in these tensor product spaces, then no symmetry conditions would ensure the exact equality of exchange coupling constants between the channels (now indexed simply by the irreducible representation labels Γ c1,2 ). This is always the case in rhombohedral symmetry, so that two-channel coupling will not be generically present in this case for f -ions. However, if the off-diagonal operators are contained in the mixed-direct product Γ where the superscript refers to single or two-channel crossover. Consider the case in cubic symmetry, with Γ grd = Γ 7 , Γ ex = Γ 3 , and Γ c = Γ 8 . Define dimensionless effective exchange coupling constantsg 7 ,g 8 by
where E 0 is the ground state energy, N(0) is the conduction electron density of states, and V 7,8 the hybridization matrix elements with Γ 7,8 partial waves.
The Kondo scale for the single channel model is T 
single channel behavior will dominate for |g 7 | > |g 8 |. For T below the
given by
two-channel physics will dominate for |g 8 | > |g 7 |. Practically, this is tested by examining the sign of the thermopower, given the particle-hole asymmetry of the model. Dominant f 0 -induced one-channel coupling will tend to produce positive thermopower, while dominant f 2 -induced two-channel coupling will tend to produce a negative thermopower. For hexagonal symmetry, consider ions with doublet ground states in hexagonal and tetragonal symmetries in that all such doublets will be described by this model on coupling to the conduction states. We have also shown that under more restrictive conditions the model will apply to Ce 3+ ions in cubic and hexagonal symmetry, but is unlikely to apply to Yb 3+ ions. Only two configurations are kept for simplicity; so long as the f 3 has a doublet level lowest the same physics will ensue. We show only the lowest states. it must be retained, and the singlet channel and two-channel Kondo effects compete.
